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RADIOACTIVE DECAY STUDIES OF NUCLEI PRODUCED FROM BOMBARDMENT BY INTERMEDIATE 
ENERGY NEUTRONS 
T. E. Ward, K. Hicks, and H.A. Smith, ~r . * 
An intermediate energy secondary neutron i r r a d i a -  Inves t iga t ions  of n u c l e i  f a r  removed from s t a b i l i t y  
t i o n  f a c i l i t y  capable of handling gram q u a n t i t i e s  of i n  both neutron d e f i c i e n t  (Y-Zr, Nb-Mo) and neutron- 
t a r g e t  ma te r i a l  has been i n  opera t ion  i n  t h e  i so tope  r i c h  (Er-lu,Hf) reg ions  have been undertaken. Resul t s  
production-area beam dump. The neutrons a r e  produced of t he se  var ious  s t u d i e s  a r e  summarized below. 
i n  a 2.5 inch metal  copper beam stop.  Targets  a r e  Decay of 8 4 ~ .  I r r a d i a t i o n  of 8 9 ~  has  y ie lded  new 
t ranspor ted  i n t o  t he  beam dump using a s o l i d  t a r g e t  r e s u l t s  i n  t h e  decay of 84~(38 .5  min.) produced i n  t h e  
t r anspor t  system whose t r a n s i t  time t o  t h e  rece iv ing  (n,6n) r eac t ion  i n  add i t i on  t o  confirming t h e  previous 
te rminal  i n  t he  chemistry t r a i l e r  is about 5 sec.  r e s u l t s  of Doron and ~ l a n n ~ )  and Res ter  e t  a l e 3 )  
I n i t i a l l y  we measured t h e  neutron f lux ,  4n, on Ambiguities remain i n  t he  decay, i n  p a r t i c u l a r  t h e  
t a r g e t  f o r  a range of proton beam energies .  The f l u x  ground s t a t e  sp in ,  p a r i t y  and the  populat ion of high 
measurements were made by bombarding A 1  samples and sp in  s t a t e s  i n  8 4 ~ r  remain i n  doubt. Radiochemical 
using t h e  known1 cross  s ec t ion  f o r  t h e  production of i nves t iga t ions  w i l l  i n su re  a higher degree of r eac t ion  
15-hour 2 4 ~ a  by t h e  27~1  (n,a) 2 4 ~ a  reac t ion .  These s p e c i f i c i t y  and w i l l  a i d  i n  answering some few ques- 
r e s u l t s  a r e  summarized i n  Figure 1, where we compare t i o n s  concerning t h e  production and decay of t h i s  i so-  
t h e  s p e c i f i c  neutron f l u x  (n/cm2/sec per  PA of protons)  tope. 
with t h a t  obtained a t  t h e  Brookhaven Medium-Energy A Search f o r  New Isotopes of Z r ,  Nb and Mo. Bom- 
In tense  Neutron (MEIN) f a c i l i t y . l  We observe a f a c t o r  bardments of enriched 9 2 ~ 0  wi th  f a s t  neutrons have 
of 4 i nc rease  i n  t h e  o v e r a l l  e x c i t a t i o n  funct ion  a s  been i n i t i a t e d  t o  search  f o r  t h e  neutron d e f i c i e n t  
compared t o  t h a t  of BNL (MEIN). W e  owe t h i s  increase  i so topes  8 4 ~ r ,  8 6 ~ b  and 88989~0.  Yield d i s t r i b u t i o n  
t o  geometry cons idera t ions  i n  f i x ing  t h e  i r r a d i a t i o n  da t a  i n d i c a t e  s u b s t a n t i a l  production c ros s  s ec t ions  
pos i t i on  immediately behind t h e  s top .  The neutron f o r  n u c l e i  i n  t h e  13 s t a b i l i t y  l i n e  4-6 nucleons re-  
i r r a d i a t i o n  f a c i l i t y  is  f o r  p a r a s i t i c  u se  when t h i n  moved from t h e  t a r g e t .  Several  unassigned y-rays 
t a r g e t  proton i r r a d i a t i o n s  a r e  being made. have been observed. The p o s s i b i l i t y  of 8 delayed 
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proton emi t t e r s  has  been suggested by Kelly e t  a1. 4, 
i n  t h e  case  of  8%o decay, and a search  f o r  be t a  
delayed a c t i v i t y  w i l l  be made. 
The Search f o r  Neutron Rich Iso topes  174~r ,  1 8 1 ~ u  
and 185~f.  Natural  tungsten and enriched 17%b have 
been bombarded wi th  f a s t  neutrons and successive y-ray 
spec t r a  have been obtained.  No new a c t i v i t y  o r  unas- 
signed y-rays were observed. Est imates of t he  l i f e -  
times of t he se  a c t i v i t i e s  a r e  of t h e  order of 5-30 min. 
Figure I .  The low production c r o s s  s e c t i o n  f o r  t h e  (n,2pxn) re-  
actions makes a direct measurement of the activity a 
diff icult  task without radiochemistry. No radiochemical 
fac i l i t i e s  existed at  the Cyclotron until  recently, 
therefore, the next series of experiments w i l l  involve 
the use of these fac i l i t i e s .  
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